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Abstract 
 
 Many researches to treat wasted water have been 
performed around the world since the water plays 
essential role in our life. In the present situation, the 
discharge plasma produced in water has been an attractive 
technique to treat wasted water, as the result of 
development of pulsed power technology. However, there 
is still much unclear knowledge about the physical 
characteristics of underwater discharge plasma. In this 
work, therefore, in order to get the electron density in 
underwater discharge plasma as one of the important 
plasma parameter, the spectroscopic measurement of 
discharge emission was performed. For the calculation of 
time-history of electron density during underwater 
discharge, the emission from Hά was recorded by the 
streak camera equipped with spectrometer and the Stark 
broadening analysis was performed. According to the 
result, it is found that the electron density of the 
underwater discharge plasma is almost constant during 
discharges and its value is approximately 6~7×1018 cm-3. 
In addition, the long-term experiment of water treatment 
using underwater discharges has been done from January 
2007.  
 
 
I. INTRODUCTION 
 
In the last decade, pulsed power technology has been 
developed quickly and can cause an electrical discharge 
in liquid medium, such as water. The discharge creates 
certain physical phenomena in the liquid medium, such 
as an intense electric field at the tips of a discharge 
column, radical formation in the discharge channel, 
ultraviolet radiation from discharge emission, and 
shockwave generation at the boundary between the 
plasma and liquid medium. These phenomena are very 
attractive for treatment of polluted water and harmful 
waterborne bacteria. It is clear that modeling studies of 
discharge phenomena can give a detailed information 
without experiments in order to realize a variety of 
industrial, medical, and environmental applications 
based on underwater pulsed discharge. However, there 
is no literature about simulation work of underwater 
pursed discharge because of the lack of knowledge 
about the parameters of an underwater pulsed discharge 
plasma. In this paper, electron density (Ne) of a pulsed 
discharge plasma underwater were defined by an 
analysis of optical emission from the discharge. The 
line-pair method and Stark broadening of Hά spectra 
analysis were utilized to compute Ne respectively. 
 
 
II.  EXPERIMENTAL SETUP  
 
Integral light emitted by the discharge was monitored 
by 4 Gated ICCD cameras (C8484-05C, Hamamatsu 
Photonics K.K., Japan). 3 ICCD cameras movements can 
be controlled from each gate, while enable them to 
observe the different time of image of pulsed discharge 
plasma underwater. Another camera used in combination 
with streak camera (C7700, Hamamatsu Photonics K.K., 
Japan) equipped with spectrometer (C5094, Hammamatsu 
Photonics K.K., Japan) enable the Stark broadening 
analysis to perform. 
The experimental arrangement is schematically shown 
in Figure 1. Triggered device and delay generator (DG535, 
Agilent) was operated by function generator. Second, 
gated ICCD cameras and streak camera was operated by 
delay generator.  
The generated high voltage pulse ware discharge in the 
reactor, which is shown schematically in Figure 2.  The 
reactor was about 170 ml rectangular acrylic cell. The 
reactor contained a needle to cylinder electrode system 
submerged in the reaction solution. The solution 
conductivity was 25, 50, 100 mS/m (Distilled water with 
NaCl ). The needle-type electrode was a 0.5 mm 
tungusten wire coated with insulator. The grounded ring 
electrode was a copper plate with a thickness 5 mm. In the 
experiments, the distance between the needle electrode 
and the cylinder electrode was fixed at 25mm. 
The electrical circuit of the blumelein pulse forming 
network (BPFN) developed and used in this paper. 
Winding ratio of PT was 1: 6. In all of experiments, the 
charging voltage of the BPFN kept the peak voltage 30 
kV, while adjusting the pulse duration value to 550 ns. 
The applied voltage and the discharge current through the 
needle to ring electrode gap were measured using a 
voltage divider (EP-100K, Pulse Electronic Engineering 
Company, Japan) and current transformer (2878, Person 
1-4244-0914-4/07/$25.00 ©2007 IEEE. 1227
Electronics Inc. USA), respectively. An oscilloscope 
(54845A, Hewlett-Packard, USA) recorded the signal 
from the measurement devices. Gated ICCD cameras 
were brought to a focus at the tip of the needle electrode. 
3 gated ICCD cameras took images of pulsed discharge 
plasma in inter-frame spacing 50ns. In addition, being 
exposure time was 500 ps, cameras can take instantaneous 
images of pulsed discharge plasma.  
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Figure 1. Experimental setup 
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Figure 2. Schematic diagram of discharge reactor 
III. RESULTS AND DISCUSSIONS 
 
A. Images of Pulsed Discharge Plasma Underwater 
 
 Figure 3. shows the typical waveform of the output 
voltage and current from the BPFN for solution 
conductivity was 25 mS/m. Compared with  the leading 
edge of voltage waveform, the lending edge of current 
waveform was delayed. Because, When a certain level of 
voltage reached, plasma generated in interelectrode. Thus, 
interelectrode resistance decreased. Then, Compared with 
the trailing edge of voltage waveform, the trailing edge of 
current waveform was early. Because plasma disappeared 
from interelectrode. Thus, interelectrode resistance made 
a recovery. In addition, increase of current was caused by 
a increase of solution conductivity.  
The integrated photographs of the pulsed discharge 
induced under water in the conditions of the solution 
conductivity of 25mS/m are shown in Figure 4. This 
result shows that pulsed discharge plasma underwater 
relied on applied voltage.  
As shown in Figure 4, during the rise period of the 
applied voltage, all streamers propagated from point to 
ring electrodes with almost same velocity and all 
streamers propagated from point to ring electrodes with 
branching. After the peak of the applied voltage, a part of 
streamers propagated from point to ring electrodes with 
keeping velocity and other streamers disappeared. After 
the peak of the applied voltage, all streamers disappear. 
When the applied voltage was at the peak, plasma reached 
its greatest width.  
On the other hand, the number of discharge channels 
decreased with decreasing on the trailing edge of current. 
The maximum propagated length of the discharge from 
the tip of the anode needle was almost same for different 
values of solution conductivity. This is because the input 
energy into the electrode increased resulting in more 
discharge channels and emission intensity. 
 
 
-20
-10
0
10
20
30
40
-20
-10
0
10
20
30
40
-0.5 0 0.5 1
Voltage Current
Vo
lta
ge
, k
V Current, A
Time, µs
 
Figure 3. Applied voltage and discharge current into the 
discharge electrode. 
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Figure 4. Typical Discharge images for conductivity of 25mS/m 
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Figure 5. Streak images for conductivity of 25mS/m 
 
 
B. Electron Density of Pulsed Discharge Plasma 
Underwater 
 
Time resolved emission spectroscopy in the range of 
569 – 749 nm has been conducted in reactor. Figure 5 
shows Hά atomic emission spectrum (conductivity: 25 
mS/m) was obtained by streak camera. Used a Figure 5.of 
streak images to calculate the electron density during 
underwater discharge [1]. Figure.6 shows the time 
dependence of electron density in the discharge plasma 
underwater and the waveforms of the applied voltage and 
discharge current in the needle-to-cylinder electrode for 
different solution conductivity. For all solution 
conductivity, the electron density of the underwater 
discharge plasma is almost constant during discharges and 
its value is approximately 6~7×1018 cm-3. This means that 
the tip of the electrode of electron density has no 
significant influence on the power and the solution 
conductivity in the discharge plasma underwater. 
 
 
IV. CONCLUSION 
 
 Used three tipes of solution conductivity (25, 50, 
100mS/m) of NaCl solutions, integral light emitted by the 
discharge was monitored  by ICCD camera. And the 
electron densities in the pulsed discharge plasma induced 
in water have been calculated by spectroscopic 
measurements. The following have been deduced.  
1229
? The discharge plasma underwater of development  
depended on discharge current. 
? The electron density of the discharge plasma 
underwater was almost constant during discharges 
and its value is approximately 6~7×1018 cm-3. 
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Figure 6. Time dependence of the electron density for 
three solution conductivity. (a) Solution conductivity of 
25mS/m. (b) Solution conductivity of 50 mS/m. (c) So-
lution conductivity of 100 mS/m. 
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